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1. OBJECTIVE

The objective of this study is to identify important-to-reliability, non-safety-related (NSR)
structures, systems, and components (SSCs) at the San Onofre Nuclear Generating Station
(SONGS) that could be the cause of a prolonged outage due to a major seismic event.
Specifically, the study evaluates NSR SSCs that are required for power generation, including
the switchyard, which are, for the purposes of this study, identified as important-to-reliability.



2. PLANT INFORMATION
2.1 Plant Location and Configuration

SONGS consists of two nuclear reactor units, San Onofre Unit 2 and San Onofre Unit 3, which
are each capable of generating approximately 1,100 megawatts (MW) of electrical power. Each
unit is a separate and independent power plant with no common support equipment required for
power generation, with the exception of the site fire protection, carbon dioxide (CO,) and
nitrogen (Nz) supply, and instrument air. The power generation portions of each plant are
virtually identical.

SONGS is located along the Pacific coastline south of San Clemente and west of Interstate
Highway 5. The plant is located entirely within the boundaries of the U.S. Marine Corps Camp
Pendleton Base in northern San Diego County. An aerial view of the site is shown on
Figure 2-1. The site was created by excavating the original bluff to remove the terrace deposits
and create a level area for the plant on what is known as the San Mateo Sandstone Formation,
which consists of very dense sand approximately 900 feet (ft) deep with an average shear wave
velocity of approximately 1,900 feet per second (ft/sec) in the top 100 to 150 ft depth. The site
soils directly supporting the plant structures were extensively investigated during plant
construction and found not to be susceptible to liquefaction. The switchyard is located on a
slope that rises to the original biuff level. There are two benches cut into the slope that provide
the access roads for the two bus lines that comprise the switchyard. There are offices and
shop / storage buildings adjacent to the plant’s operational structures. The buildings shown on
Figure 2-1, which are east of Interstate 5, are additional offices and wareheouse facilities that
support the plant’s operations.

The SONGS units use ocean water to condense the pressurized steam that has expanded
through the turbines and fo provide cooling of other plant water systems through heat
exchangers. The ocean water for each unit is channeled from offshore intake structures
through buried conduit systems to the on-shore intake structure where it is channeled to the
circulating water pumps of each unit. The water from each unit is then discharged back to the
ocean through separately buried offshore discharge conduits.

SONGS is licensed by the U.S. Nuclear Regulatory Commission (NRC), which issues policies
and regulations governing the initial construction, modifications, and operations of nuclear
power reactors.



Figure 2-1 Aerial Site View of Both Units

2.2 SONGS Seismic Design Basis

Each of the two units contains safety-related (SR) SSCs and NSR SSCs. The plant's SR SSCs
include, but are not limited to, the reactor, nuclear steam supply system (NSSS), containment,
and associated emergency equipment. The NRC regulates the design parameters and
operation of SR §SCs, which have been designed to allow for the safe-shutdown of a nuclear
power plant in the event of a large seismic event, specifically the design-basis earthquake
(DBE). The DBE, also known as the safe-shutdown earthquake by the NRC, is associated with

an extremely low probability of occurrence.

The SONGS Updated Final Safety Analysis Report (UFSARY), (UFSAR, Current) identifies three

categories of SSCs that have specific seismic design criteria.

. Seismic Category | {S8C I). All SC | SSCs are SR and are, therefore, not evaluated as
party of this study'. SC | SSCs are designed to remain functional and / or retain
structural integrity if a DBE occurs. SC | SSCs must meet the DBE design conditions,
as mandated by the NRC and specified in the Code of Federal Regulations (CFR)
(10CFR100AppA, Current). The design requirements for SC | SSCs are determined by
using a design spectrum shape that has a peak ground acceleration (PGA) value of
0.679.

' SC | $SCs are not evaluated as part of this study (CEC, 2008) because they are designed to withstand
a safe-shutdown earthquake without damage.



. Seismic Category Il (SC ll}. All SC Il SSCs are NSR and were evaluated as part of
this study. SONGS SC Il 8SCs include equipment whose limited damage could
interrupt power generation. SC Il 8SCs, with the exception of the switchyard, were
designed to meet an effective static seismic design loading of 0.20g horizontal and
0.13g vertical with no increase factor on allowable stress values. In addition, the design
involved verifying that the effective static seismic design loading was not lower than the
building code requirements at the time of the design. This was the general seismic
design criteria for all Southern California Edison (SCE) power plant structures and
equipment anchorage which were in use at the time of plant design.

The 230 kilovolt (kV) switchyard SSCs were designed to meet the SCE transmission
facility effective static seismic design loading of 0.50g horizontal, which was the SCE
transmission facility design criterion in use at the time of plant design. This SCE
substation design criterion was adopted following the 1971 San Fernando earthquake.

. Seismic Category Ill (SC lll). SC Il SSCs are NSR SSCs that are not SC | or SC Il
SS5Cs but whose failure could inconvenience normal plant operations. Only a few of
these SC Il SSCs were considered within the scope and evaluated as part of this
study. These SSCs were designed to meet the building code requirements at the time
of design.

In addition to the three SC categories, there is an additional classification for those SC Il SSCs
that are located in close proximity to SC | SSCs. These SSCs are required to maintain their
structural integrity, including the anchorage at a DBE loading level. This special case of SC Il
S8Cs is denoted as seismic interaction (SI) I/l and is defined as equipment that is not SC | but
whose collapse or failure could result in the loss of the safety functions of SC | SSCs.

The design criteria for the plant are viewed as minimum allowable values per the applicable
codes and standards that are associated with the SSCs. These standard allowable values have
a built-in seismic margin, although there is often a significant seismic margin beyond the built-in

margin due to conservatisms that are integrated in the design process.



3. STUDY METHODOLOGY

The foliowing five-phase approach was developed to address the important-to-reliability NSR
S8Cs.

1)  Phase | — Identify important-to-reliability NSR SSCs

2) Phase Il - |dentify seismic capacity screening criteria

3) Phase [l — Determine SONGS review level earthquake

4) Phase IV — Evaluate seismic capacity of important-to-reliability NSR SSCs

5) Phase V - Develop repair / replacement duration estimates and mitigation plans

Figure 3-1 provides an overview of these sequential phases. A similar phased approach is used
for NSR buildings that house important-to-reliability SSCs. A different methodology is used for
Phase IV to evaluate the capacity of NSR buildings that house important-to-reliability SSCs.
This methodology is summarized separately in Section 3.6.

Identify Important-to-
Reliability NSR S5Cs
(Section 3.1)

dentify Seismic Capacity
Screening Criteria
(Section 3.2)

Determine SONGS Review
Level Earthquake
(Section 3.3)

Evaluate Seismic Capacity of
Important-to-Reliability
NSR SSCs
(Section 3.4}

Develop Repair / Replacement
Duration Estimates and
Mitigation Plans

* {Section 3.5)

Figure 3-1 Methodology Overview



31 Phase | — Identify Important-to-Reliability NSR SSCs

The first phase of this process involves identifying the important-to-reliability NSR SSCs.
Figure 3-2 shows the general logic flow that is used to identify the important-to-reliability NSR
88Cs. Only NSR 8SCs that are required for power generation are included in the final list. The
first step involves reviewing the SCE Quality and Classification List (SCE Document No. 90034),
which is a list that contains the SSCs at SONGS and their seismic category (SCE, 2009). The
next step consists of removing the SSCs in the SCE Quality and Classification List that are
outside the scope of this study. First, the SC | SSCs are identified and removed from
consideration given that they are outside of the scope. Then, the SSCs not required for power
generation are identified and removed from consideration because these SSCs do not impact
the power generation reliability. The SSCs remaining on the list constitute the important-to-
reliability NSR SSCs (see Appendix B).

Review
SONGS SSCs

Important-
to-Reliahility
NSR S5Cs
{Appendix B)

Further Analysis
~{SSC Not Included In
Study Scope)

Figure 3-2 Important-to-Reliability NSR SSCs Identification Process



3.2 Phase Il — Identify Seismic Capacity Screening Criteria

The next phase involves identifying the seismic capacity screening criteria. NSR SSCs are, at a
minimum, designed to meet the building code seismic requirements at the time that they were
designed. However, historical earthquake performance has shown that such equipment
typically has inherent seismic capacity much greater than the minimum building code seismic
requirements. Over the past 20 years, a group known as the Seismic Qualification Utility Group
(SQUG)* has collected data and documented the results about the performance of various
SS8Cs at large power / industrial plants during and following an earthquake (referred to as
earthquake experience data) (SQUG, 1991). SQUG averaged the earthquake response
spectra® of sites having facilities with representative SSCs that experienced strong ground
motion seismic events to determine a ground motion level for which power plant SSCs have
survived without damage. This ground motion level is described by a seismic capacity spectrum
(referred to as the “reference spectrum” by SQUG). The 5% damping seismic capacity
spectrum is characterized by a spectral acceleration level of 1.2g over a frequency range of 2.5
to 7.5 hertz (Hz) and a PGA of 0.5g, which is depicted on Figure 3-3 as the bold line.

2 SQUG was formed in the early 1980s to develop a generic methodology to resolve Unresolved Safety
Issue (USI) A-48, which was concerned with verifying the seismic adequacy of equipment that was
already installed in operating nuclear power plants. Working in conjunction with the regulatory authorities
and industry, SQUG developed a methodolegy and procedure to apply earthquake experience data to
demonstrate the seismic capacity of electrical and mechanical equipment for resolution of USI A-46,
SQUG developed the "Generic Implementation Procedure (GIP) for Seismic Verification of Nuclear Plant
Equipment” which provided a generic means of applying this experience data to evaluate the seismic
adequacy of mechanical equipment, electrical equipment, distributive systems (i.e., ducting, cable trays,
conduit, ete.) and passive items (i.e., tanks, heat exchangers, etc.) that are typically part of the balance of
plant at a nuclear power plant (SQUG, 1991). The GIP implements this SQUG approach and includes
the technical approach, generic procedures, and engineering guidance. The NRC embraced the use of
experience-based methods for resolution of US| A-46 in Generic Letter (GL) 87-02, "Verification of
Seismic Adequacy of Mechanical and Electrical Equipment in Operating Reactors, Unresolved Safety
Issue (USI) A-46" (NRC, 1987).

* A response spectrum is defined as a plot of the maximum response of an array of single-degree-of-
freedom systems of different natural frequencies, each having a damping value expressed as a
percentage of critical damping.
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Figure 3-3 Average Horizontal Response Spectra for SQUG Database Sites Compared to the
Seismic Capacity Spectrum {(also known as the Reference Spectrum)

Based on the number and diversity of SSCs that have survived the motion level represented by
the seismic capacity spectrum, this motion level was established as a high confidence of a low
probability of failure (HCLPF) (EPRI, 1994, 2002 and 2009). As such, the seismic capacity
spectrum does not represent a failure level but rather a level for which there is a high
confidence that failure of the §SCs will not occur. The data contained in the SQUG daiabase
demonstrate that the actual mean failure level, otherwise known as fragility, is typically at least 2
to 3 times the seismic capacity spectrum (EPRI, 2002 and 2009). This failure margin allows the
seismic capacity spectrum to be used as a conservative measure of seismic capacity to screen

the important-to-reliability NSR SSCs for the site-specific seismic demand conditions.

3.3 Phase Ill — Determine SONGS Review Level Earthquake

The seismic capacity spectrum was derived using actual earthquake experience data and
represents a conservative measure of seismic capacity for the important-to-reliability NSR
8SCs. To understand if this capacity is sufficient to demonstrate adequate reliability for power
generation, the seismic demand that is bound by the seismic capacity needs to be determined
considering the location and the site-specific conditions at SONGS. Site-specific earthquake



ground motion conditions are described by the SONGS probabilistic seismic hazard analysis
(PSHA) that was recently updated in 2010 (SCE, 2010).

The SONGS 2010 PSHA determined each spectral acceleration value associated with a given
oscillator frequency as a function of annual return period. The annual return period is the
number of years it may take for the spectral acceleration value to occur (i.e., a 1,000-year return
signifies that the value may occur once in 1,000 years). These sets of functions are denoted as
hazard curves. For a given annual return period, a uniform hazard spectrum (UHS) can be
plotted to provide the expected spectral content of the motion associated with that annual return

period.

The seismic motion that is used for assessing the seismic capacity of the important-to-reliability
NSR SSCs is referred as the SONGS review level earthquake. A UHS with a 1,000-year period
was chosen for the SONGS review level earthquake. This is a highly unlikely event having an
annual probability of exceedance of 0.1%. If SONGS operates through 2042 (assuming that its
current license, which expires in 2022, is renewed for an additional 20 years), this motion level
corresponds to about a 3.1% probability of occurring over the plant's remaining 31 years of

operation.

The SONGS review level earthquake is shown on Figure 3-4. This motion is characterized by a
maximum spectral acceleration level of 0.75g at a frequency of 5 Hz and a PGA of 0.32g at 5%
damping.
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Figure 3-4 Comparison of the Seismic Capacity Spectrum with
SONGS Review Level Earthquake
(Using a 1,000-Year UHS Annual Return Period)

3.4 Phase IV — Evaluate Seismic Capacity of Inportant-to-Reliability NSR SSCs

Using the important-to-reliability NSR SSCs list that was generated during Phase | and included
in Appendix B, the next phase involves the screening of these SSCs to determine the important-
to-reliability NSR SSCs that have a seismic capacity greater than the SONGS review level
earthquake.

The seismic capacity screening is accomplished by reviewing plant design documents,
conducting walkdowns, and using the SQUG database. Three specific criteria are used in the

seismic capacity screening:

. Anchorage
. Spatial Interaction
. Functionality

-10-



SI I/l S8Cs are screened only for the spatial interaction and functionality criteria given that their
anchorages were already designed to the DBE loading. Figure 3-5 shows the general logic flow
used to accomplish the screening.

Important-to-
Reliability
NSR S5Cs

Further % b -No Further Analysis -
Analysis Required - NS ionality QI - SSCs Have Capacity
\ Screening Criteria iaBeen -Greater Than Review

Not Met 4 let? " - " Level Earthquake

Figure 3-56 Seismic Capacity Screening Process
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The anchorage seismic capacity screening involves verifying that the anchorage can withstand
a SONGS review level earthquake. In performing the anchorage evaluation, the plant's existing
documentation, including drawings, specifications, calculations, and typical details are reviewed.
In addition, the anchorage is visually inspected during a walkdown to check for adequate
installation and to determine if the anchorage load path is sufficient. Specifically, the strength of
the equipment is assessed to verify that it is able to effectively transfer the loads to the
anchorage. Base isolation systems for equipment must also be evaluated for seismic
adequacy.

The spatial interactions screening involves performing the following interaction evaluations:
. Proximity — Determine the impact from adjacent equipment due to relative motion.

. Structural failure and falling — Determine the impact from the failure of overhead and
adjacent equipment, structures, or architectural features.

) Flexibility — Determine the impact of attached lines due to relative displacements.

The functionality screening involves determining if the candidate SSC is similar to SSCs in the
existing seismic experience database. This screening consists of examining the design
documentation (e.g., specifications and drawings) to determine similarity to the actual SSCs
contained in the seismic experience SQUG database. If the SQUG seismic experience
database does not include similar SSCs, a specific evaluation is performed.

SSCs whose seismic capacity is greater than the SONGS review level earthquake (i.e., SSCs
that demonstrate no seismic vulnerabilities at the SONGS review level earthquake level) are
screened out, and no further analysis is required. For those SSCs that are not screened out, a
more rigorous evaluation of seismic capacity is necessary. A fragility evaluation is conducted to
determine the probable failure modes of the SSC. If the SSC seismic capacity is shown to be
higher than the SONGS review level earthquake, then no further evaluation is needed. If the
SSC seismic capacity is shown to be lower than the SONGS review level earthquake, then this
SSC is added to the subset of SSCs that require repair / duration estimates. Figure 3-6 shows

the general logic flow used for this further seismic evaluation,

12~
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Conduct Seismic Failure Mode
and Effects Analysis for SSC
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SSCs Requiring S5CHave “No Further Analysis -
Repair / lcient-Le MR SSCs Have Capacity

Replacement Greater Than Review
Duration Estimates arthquake? _ level Earthquake

Figure 3-6 Further Seismic Evaluation Process

3.5 Phase V — Develop Repair / Replacement Duration Estimates and Mitigation
Plans

Having established the probable failure modes and likely extent of damage to those SSCs that
do not have seismic capacity equivatent to the SONGS review level earthquake, the next phase
is to determine the conceptual level repair / replacement time duration estimates for those
88Cs. The repair / replacement time duration estimates are evaluated to determine whether
they represent the possibility of a prolonged outage following a major seismic event. For any
SS8Cs identified as requiring a prolonged outage under those circumstances, mitigation plans
are developed by SCE. The general logic flow used for this final phase is shown on Figure 3-7.

13-
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Required - - g Required -
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. Results In Prolonged = g Does Not Result In
Outage . B . Prolonged Qutage

Figure 3-7 Repair / Replacement Duration Estimate and Mitigation Plan Development Process

3.6 Screening Process for NSR Buildings that House Important-to-Reliability SSCs

This seismic capacity screening process described in Section 3.4 is not applicable for NSR
buildings that house important-to-reliabilty NSR SSCs. Instead, a commonly accepted
methodology developed by the Federal Emergency Management Agency (FEMA) (FEMA, 2000,
2006) is used. This methodology is used by design professionals to assess building safety
following earthquakes and is contained in national consensus software designated as HAZards
United States (HAZUS). Within the HAZUS methodology are seismic capacity functions for
different model building types that can be used to assess the risk of earthquake damage to
these traditional commercial structures. Using the HAZUS methodology, the capacity can be
estimated for the selected NSR buildings that house important-to-reliability NSR SSCs,
considering the acceptable damage state and type of construction. These procedures are
discussed in detail in Appendix E.

-14-



4, RELIABILITY STUDY RESULTS
4.1 SONGS Important-to-Reliability NSR SSCs

Using the five-phase methodology described in Section 3.0, important-to-reliability NSR SSCs
were identified. An initial list, provided in Appendix B, of important-to-reliability NSR SSCs was
generated following a review of SCE’s Quality and Classification List. However, this equipment
classification list could not be used to complete seismic capacity evaluation because it only
considered general component types within a system and did not specify the individual
component identification and location. Separate lists were prepared for the electrical equipment
{see Appendix C) and the mechanical equipment (See Appendix D). These lists provide the
identification and location of each specific important-to-reliability NSR SSC. In addition,
Table 4-1 lists the plant's systems associated with power generation that were identified during
this process. In order to prepare these lists, plant system documentation and the process and
instrumentation diagrams (P&ID) or one-line electrical drawings were reviewed to identify
specific components.

The primary SSCs associated with power generation are housed in the turbine building, the
main steam isolation valve (MSIV) area, the control area of the auxiliary building, the tank
building, and the intake structure. Additional SSCs used for the distribution of the generated
power are located in the plant yard. While the turbine buildings were classified as SC |l, the
turbine buildings are designed for Sl 11/l to resist the DBE loading. Additionally, while the
mechanical, electrical, and distribution system components housed within the turbine buildings
were classified as SC I, their anchorages would be able to resist DBE loading. This was

confirmed by a walkdown and review of plant design documentation.

-15-



Table 4-1 Plant Systems Associated with Power Generation

Steam and Power Conversion Systems

¢ Steam System

» Feedwater and Condensate Systems
e Turbine Lube System

* Condenser Air Removal Systemn

» Main Condenser System

+ Generator Seal Oil System

¢ Elactro Hydraulic Oil System

Balance-of-Plant Water Systems

» Circulating Water System

+ Turbine Plant Ceoling Water System
» Main Generator Cooling System

* Demineralized Water Systems

HVAC Systems

+ Control Area-Auxiliary Building
& Turbine Building

Electrical Systems

» 22,000 V AC System

* 6,900 V AC System

* 4160V AC System

« 430V System

¢ DC System

» AC Control Power Systermn
» Lighting System

¢ Excitation System

» 230 kV Swifchyard

Fire Protection System

Auxiliary Systems
» Instrument Air System
» N3 Gas Supply System
+ H; Gas Supply System

Explanation:
1. V =volts
AC = glternating current
DC = direct current
Nz = nitrogen
Hz = hydrogen

ok N

There are only two non-power block NSR buildings — the SCE switchyard relay building and the
San Diego Gas & Electric (SDG&E) switchyard relay building — that house operational
important-to-reliability NSR SSCs. Both are separate single-story buildings that house relay
racks. In addition, the Mesa warehouse is a NSR building that houses spare parts that can be

18-



used for repairing important-to-reliability NSR SSCs. These spare parts may be needed to
repair the NSR SSCs that may sustain damage during a major seismic event.

The list of NSR buildings selected for evaluation is shown in Table 4-2.

Table 4-2 SONGS NSR Buildings Selected for Evaluation

Mesa Warehouse - Pre-engineered Steel Structure

Switchyard Relay Houses - Reinforced Masonry

¢ SCE - Single-Story Separate Building
¢ SDG&E — Single-Story Separate Building

4.2 Capacity Evaluation Results

The equipment lists provided in Appendices C and D were used to perform the walkdown of the
SONGS important-to-reliability NSR SSCs required for power generation as part of the seismic
capacity evaluation. The walkdown was conducted by qualified seismic capability engineers
who were certified as having successfully completed the SQUG training course* on seismic
evaluation methods and who met the requisite education and engineering experience
requirements. Since Units 2 and 3 are virtually identical in layout and components, Unit 2 was
selected for the walkdown.

Within the SONGS plant's systems, some SSCs were identified as requiring a more rigorous
analysis. The more rigorous analysis involved conducting a detailed seismic capacity
evaluation that identified failure modes and fragilities. The NSR building structures identified as
important-{o-reliability were also evaluated using the HAZUS procedures and screened against
the SONGS review level earthquake.

The SSCs were categorized as 1) having seismic capacity greater than the SONGS review level
earthquake, 2) having seismic capacity less than the SONGS review level earthquake, or 3)
requiring further review. A discussion of each of these categories is provided in the following
sections.

4 8QUG offers training courses to help users properly apply the various guidelines and tools developed

by SQUG. This training is needed since the criteria and guidelines in the GIP included new methods
and approaches as compared to the traditional methods for seismic gualification of equipment.
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4.2.1  SSCs with Seismic Capacity Greater Than the SONGS Review Level Earthquake

The majority of the important-to-reliability NSR SSCs were determined to have a seismic
capacity greater than the SONGS review level earthquake. A discussion is provided below for
select power generation components.

4.2.1.1 Turbine / Generafor Support Systems

The turbine / generator are the primary components for power generation. The primary
mechanical support systems necessary to ensure turbine function are the steam / reheat
system, the feedwater / condensate system including the condensate and feedwater pumps, the
circulating water system, the condenser, the turbine plant cooling system, the lube oil system,
the seal oil system, the stator cooling water system, and the hydrogen cooling system. These
systems comprise pumps, valves, and the associated piping distribution systems. The primary
electrical power support systems necessary to ensure turbine function are the medium voltage
AC power system, the low voltage AC power systems, the DC power systems, and the
associated cable tray and conduit distribution systems. The mechanical and electrical systems
are controlled by various control interfaces and instrumentation systems, and associated wiring
and cable distribution systems. The bulk of these components are housed within the turbine
building of each unit and the auxiliary building with other components housed within the
respective MSIV areas and tank buildings of each unit. The turbine building is mainly an open
structure that has only local fans to promote air movement. The auxiliary building and portions
of the turbine buildings have heating, ventilation, and air conditioning (HVAC) systems and the
associated distribution ducts for air movement and heat removal. The important-to-reliability
NSR SSCs of these mechanical, electrical, control / instrumentation, and HVAC support
systems are of a similar type and configuration as non-nuclear power plant SSCs and are
therefore similar to those found in SQUG’s seismic experience database. The important-to-
reliability NSR 88Cs within these buildings were found to have anchorages able to withstand
the DBE. Additionally, they were determined to be similar to the SSCs that performed well
during and after an earthquake, based on earthquake experience. Thus, these SSCs were
found to have a capacity greater than the SONGS review level earthquake.

4.2.1.2 Turbine / Generator

The rotating turbine shaft is supported and rides on 11 journal bearings, and longitudinal
movements of the shaft are prevented using a single Kingsbury-type thrust bearing. These

bearings use high oil pressure maintained by the lube oil system to prevent excessive
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movement of the shaft and metal-to-metal contact at the bearings. The Kingsbury-type of thrust
bearing is designed to sustain very high thrust loads and remain functional.

The turbine / generator were considered to be special components requiring a more in-depth
review. In general, turbo-machinery has high seismic capacity, and the earthquake experience
with turbine generators is good. For an operating turbine, the most common issue has been
associated with the loss of lube oil pressure during turbine coast-down caused by the loss of
offsite power following an earthquake. The SSCs that comprise the turbine / generator coast-
down lube oil system must maintain the necessary oil pressure required for the journal and
thrust bearing to function during furbine / generator coast-down following the trip of a unit. If any
disruption of the oil supply and pressure occurs during the coast-down period, then the journal
and / or thrust bearings could be damaged. This type of failure mode, however, is associated
with the design of the lube oil system and not the turbine / generator itself. The SONGS lube oil
and seal oil systems were recently upgraded with redundant pumps and battery-backed power
sources to prevent this failure mode from occurring. These components are anchored for the
DBE loading, and their functionality will hot be impacted after a SONGS review level earthquake
event.

Except for a few isolated cases, earthquake damage to turbine components has otherwise not
occurred. In one case, turbine / generator alignment was disturbed by the shifting of alignment
shims during an aftershock. The SONGS turbine generator is not aligned in this manner.

It is important to note that a nuclear plant turbine is larger and operates at lower temperatures
and pressures than a fossil-fired plant turbine. Until recently, the earthquake experience with
larger nuclear plant turbines was limited. However, the turbine generators for the nuclear units
at the Kashiwazaki-Kariwa Nuclear Power Plant were disassembled and inspected following the
offshore magnitude 6.8 Niigataken-Chuetsu-Oki (NCO) earthquake that occurred near the plant
in 2007. Four of the turbine generators were in operation at the time the earthquake occurred.
While contact marks were found on the bearing surfaces, no issues that would have prevented
turbine operation following the earthquake were discovered. The thrust bearings for the
turbines were not the Kingsbury-type like those found at SONGS, but rather simple parallel
plane-type bearings, which are not as rugged. Minor contact marks were found on the turbine
bearing surface of all of the units, even those that had not been in operation during the
earthquake. This suggests that the contact marks on the bearing surfaces were not
earthquake-caused, but rather occurred during normal operation and start-up procedures.

Some partially fractured turbine blades were also found in two of the units. However, these
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fractures were concluded to not be earthquake-related, but rather due to the over-speed test of
the turbines during the initial unit start-up period. The plant’s units had been operating with the
partially fractured blades prior to the earthquake. This experience suggests that nuclear
turbines have substantial seismic capacity and that functional performance following an
earthquake is limited by the support system components and not the turbine generator itself.
Consequently, the seismic capacity of the turbine generator exceeds the SONGS review level
earthquake.

4,.2.1.3 Offshore Intake Conduit and Main Intake Structure

The buried offshore intake conduit is SC |, with the exception of the segment from the auxiliary
intake structure to the main offshore intake structure, which is SC |l. However, the SC I
segment of the offshore intake conduit has the same design as the SC | segment. In addition,
controlled gravel that is not susceptible to liquefaction was used as backfill material for the
entire length of the conduit. As a result, offshore intake conduits were determined as having a
seismic capacity greater than SONGS review level earthquake.

The offshore intake structure, although SC Il, was designed to withstand DBE loading and
therefore has a seismic capacity greater than the SONGS review level earthquake.

4.2.1.4 Switchyard Relay Houses

There are two one-story relay houses located in the SONGS switchyard that contain relay racks.
The relay racks were determined as having a capacity greater than the SONGS review level
earthquake. These two buildings were evaluated with the HAZUS procedure, and the results
indicated that they were likely to sustain moderate damage following a SONGS review level
earthquake. This would result in the building being green tagged, which would allow continued

unrestricted entry and access to the structure.

4.2.1.5 Spare Parts for Important-fo-Reliability SSCs Stored in the Mesa Warehouse Building

The 100,000 square foot (sq. ft) warehouse is located in the Mesa area east of Interstate 5. The
warehouse stores spare parts that may be required for repairing the transformer and switchyard
important-to-reliability NSR SSCs. These spare parts are generally packed in crates and are
stored either on the ground or on the lower shelves of the storage racks. The racks in the Mesa
warehouse building are anchored to the concrete slab and are braced. Additionally, the racks
have adeguate moment connections between the horizontal members of the shelves and the
rack legs. Although the racks may sustain moderate deformations and distortions during a
SONGS review level earthquake, the access to and retrieval of the items stored on the shelves
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will not be difficult. However, some of the items, mainly those located on the top shelves, may
slide or fall off the shelves during an earthquake. These would likely fall into the aisles between
the racks, but would not impact the items that are stored on the lower shelves in the racks.
Thus the damage to the stored spare parts required for repairing important-to-reliability NSR
53Cs would be limited following a SONGS review level earthquake. The building was
evaluated using the HAZUS methodology, and the results indicated that it would sustain
extensive damage following a SONGS review level earthquake yet allow for access to the
building contents. However, any debris that results from the extensive damage would come
from the light roof elements. This debris would not affect the spare parts since they are crated
and stored within the racks at ground level or on lower shelves.

4.2.2 SSCs with Seismic Capacity Less Than the SONGS Review Level Earthquake

The walkdown and the subsequent detailed analyses identified the following SSCs as having
capacities below the SONGS review level earthquake:

. Main, Auxiliary, and Reserve Auxiliary Transformers
. Line Dead End Towers, Downcomers, and Switches
. Transmission Breakaway Towers

. Makeup Demineralized Water Tanks

For each of the important-to-reliability NSR SSCs above, a detailed analysis was conducted to
identify the probable failure modes and the fikely extent of damage that might be sustained
during a SONGS review level earthquake. Table 4-3 provides a summary of the failure modes
identified for each SSC.
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Table 4-3 Components that Have Capacities Below SONGS Review Level Earthquake

Component

Location

Failure Mode

Main, Unit Auxiliary, and Reserve Auxiliary Transformers

Main Transformer

Yard

Anchorage Failure

Main Transformer Phase Bus

Yard

Expansion Joint Boot Damage

Main Transformer 230 kV Bushings

Yard - Main Transformers

Shifting of Porcelain

Main Transformer Surge Arresters

Yard - Main Transformers

Porcelain Failure

Main Transformer Radiator
Headers

Yard - Main Transformers

Gasket Joint Failure

Unit Auxiliary Transformers Yard Anchorage Failure
Reserve Auxiliary Transformers Yard Anchorage Failure
Reserve Auxiliary Transformers Yard — Reserve Auxiliary s .
230 kV Bushings Transformers Shifting of Porcelain
Reserve Auxiliary Transformer Yard - Reserve Auxiliary : .

Surge Arresters Transformers Porcelain Fallure

Reserve Auxiliary Transformers
Radiator Headers

Yard - Reserve Auxiliary and
Unit Auxiliary Transformers

Gasket Joint Failure

Line Dead End Towers, Downcomers, and Switches

Line Dead End Towers Switchyard Base Plate Connection Weld Cracking
Downcomers Switchyard Tether Post Anchorage Failure
Disconnect Switchss Switchyard Switch Misalignment and Base Bearing

Deformation

Transmission Breakaway Tow

ers

Main Transformer - Transmission
Breakaway Tower

Yard - Main Transformers

Base Plate Connection Weld Gracking

Reserve Auxiliary Transformers -
Transmission Breakaway Tower

Yard — Reserve Auxiliary
Transformers

Base Plate Connection Weld Cracking

Tall Pedestal Mounted Disconnect
Switches

Yard — Reserve Auxiliary
Transfermer

Switch Misalignment, Base Bearing
Deformation, and Porcelain Failure

Makeup Demineralized Water Tanks

Makeup Demineralized Water
Tanks

South Tank Area

Base Uplift and Shell Buckling

4.2.2.1 Main, Auxifiary, and Reserve Auxiliary Transformers

The output of the 22 kV generators is routed to the main transformer of each unit using phase
bus structures that were designed using the 0.2g NSR seismic design criterion. Earthquake
joints were incorporated in the phase bus design, but the sealing boots are expected to pull

apart in an earthquake. Because the phase bus is air cooled, the loss of the joint seals will

reduce the current capacity in the phase bus until it is repaired.
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The anchorage of the main transformers was also designed for the 0.2g NSR seismic design
criterion. An analysis of the anchorage load path using American Concrete Institute (ACI) 349
criteria indicates that the anchorage capacity is below the SONGS review leve! earthquake.
The supports of the conservator tank mounted on the main transformer are judged to be
vulnerable at the same earthquake level.

A similar anchorage analysis was performed for the smaller auxiliary transformers and the
reserve auxiliary transformers, and results indicated that the anchorage capacities of the
transformers are less than the SONGS review level earthquake.,

Past earthquake experience indicates that the transformer oil radiator piping has the potential to
leak. In addition, the transformer bushings may shift and the mounted surge arresters may fail.
Fragility data compiled by California utilities (Eidinger, et al, 1995) indicate that capacities are
below the SONGS review level earthquake.

The disconnect switches supported on the tall pedestal frames adjacent to the reserve auxiliary
transformers may also become misaligned. In addition, the base bearings may deform and the
porcelain may become damaged.

4.2.2.2 Line Dead End Towers, Downcomers, and Swifches {Switchyard) and Transmission
Breakaway Towers (Yard)
In the SONGS switchyard, the 0.5g SCE fransmission facility (1975) seismic design criterion

was utilized for the anchorage of the power apparatus and design of the support structures.

The SONGS line dead end towers, as well as the transmission getaway towers located in the
plant yard adjacent to the transformers, use the same configuration and fabricated tube type
that was exiensively damaged in the 1994 Northridge earthquake at the SCE Pardee
Substation, which was designed at approximately the same time as SONGS. The Pardee dead
end towers experienced two basic failure modes: 1) the flexibility of the towers contributed to
the lateral displacement of the suspended potential transformers (PTs) incorporated in the
conductor downcomers that resulted in the failure of the downcomer post supports and also
caused damage to the adjacent disconnect switches; and 2) weld cracking that occurred in the
base plate connection of the tower tubular sections. The weld failures were similar to the
unanticipated brittle weld fractures that occurred in many building connections subjected to the
1994 Northridge earthquake. The cause of such weld cracking was determined to not be a
design issue but rather the result of fabrication issues, such as the lack of control of base metal

properties, the use of weld filler materials with low toughness, and the lack of proper preheat
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and welding procedures (FEMA, 2000). The towers were designed for 0.5g loading; however,
the tower base connection weld detail had a unique configuration (i.e., a full penetration weld of
a tubular structural member to a very thick base plate) which produced welds that were
susceptible to brittle cracking. This unique configuration was only specific to the tower base
welded connections and was not present in any other location at SONGS. Furthermore, the rest
of the tower structure behaved as expected in conformance with the design. The Pardee towers
were still functional following the Northridge earthquake but required re-welding of the base
details and the addition of gusset plates to the base plate connections. The measured ground
motion at the Pardee substation was used to provide the basis for the capacity evaluation of the
line dead end towers, the transmission breakaway towers, the conductor downcomers and
suspended PTs, and the adjacent disconnect switches.

4.2.2.3 Makeup Demineralized Water Tanks

The makeup demineralized water tanks consist of unanchored 535,000 gallon tanks that were
designed in accordance with the American Petroleum Institute (API) Standard 620 seismic
design criteria. These types of tanks have historically been damaged due to base uplift and
shell buckling that would ultimately lead to a loss of contents.

4.2.3 SSCs Requiring Additional Analysis for Seismic Capacity Assessment
4.2.3.1 Offshore Discharge Conduits

The offshore discharge conduits were identified as potentially unable to withstand the SONGS
review level earthquake; thus, a detailed analysis is required. Some of the backfill used for the
discharge conduits was sand. Thus, solil liquefaction of the backfill is possible during an
earthquake, which could cause the discharge conduits to become buoyant and come apart at
the joints. A detailed analysis is in progress to evaluate the capacity of the offshore discharge

conduits to withstand a SONGS review level earthquake.

4.3 Repair and Replacement Duration Estimates

Table 4-4 of this study presents conceptual repair / replacement time duration estimates to
restore function of the important-to-reliability NSR SSCs that may sustain damage during a
SONGS review level earthquake. Procurement, design, and construction times were evaluated
and provided by SCE. The conceptual repair / replacement time duration estimates assumed
the following:
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Only one unit is required to be put back fo service following a SONGS review level
earthquake as the SCE transmission system is designed to operate reliably with one
SONGS unit out-of-gervice,

When groups of common SSCs were considered, they were assumed to have a 50%
failure rate. Based on the recovery efforts for power systern damage caused by prior
earthquakes (Eidinger, et al, 1995), a failure rate of 40 to 50% for a 230 kV substation
power apparatus has been observed for ground motion levels having PGA values
within the range 0.4 to 0.5g. Thus, a 50% failure rate is an upper bound estimate for
earthquake damage to yard and switchyard equipment due to a SONGS review level
earthquake,

The other unit can be a source for replacement parts, which may eliminate the need of
procurement for some parts that have a long lead time.
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Table 4-4 Conceptual Repair and Replacement Estimates

Estimated Time

Repair / Replacement Area Component tguﬁist}g;e
{Months)
Main, Unit Auxiliary, and Reserve Auxiliary
Transformer
¢ Phase Bus
e« 230 kV Bushings
s+ Surge Arresters
Plant Yard Electrical Components * Radiator Headers =3
*  Anchorages
Transmission Breakaway Towers
* Tower Basas
* Tall Pedestal Mounted Disconnect Switches
Line Dead End Towers Base Plates
Switchyard Cormponents Downcomers <3
Disconnect Switches
Makeup Demineralized Water Tanks - <4

4.3.1

Plant Yard Electrical Components

The scope of work to repair / replace the plant yard electrical components includes:

Repair of 50% of the transformer anchorages (including anchor bolt replacements,
concrete repairs, and weld repairs).

Replacement of 50% of the transformer bushings and arresters.

Repair of 50% of the transformer radiator oil piping supporting the radiators.

Repair of the conservator tank supports.

Repair of 50% of the isophase joints (the outer casing joints will need to be resealed).

Repair of 50% of the breakaway transmission tower base plate connections.

This work is estimated to take 3 months.

-26-




4.3.2  Switchyard Components

The scope of work to repair / replace the switchyard components includes:

. Repair of the base plate weld connection on 50% of the dead end fransmission towers.
. Repair of 50% of the downcomer tethers.
. Replacement of 50% of the disconnect switch bases.

This work is estimated to take 3 months.

4.3.3 Makeup Demineralized Water Tanks

There are three 535,000 gallon makeup demineralized water tanks that, if damaged during an
earthquake, will require replacement. The scope of this work includes:

. Demolition.

. Removal of the existing tanks.

. Installation of a new foundation.

. Supply and installation of new tanks.
. Replacement of the connection pipes.

A complete replacement of the tanks is estimated to take 4 months.

4.4 Mitigation Plans

The initial repair / replacement estimates have not identified any component that could cause a
prolonged outage due to a seismic event. Therefore, mitigation plans were not developed.
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5. CONCLUSIONS

This study has not identified any impartant-to-reliability NSR SSCs that could be the cause of a
prolonged outage due to a seismic event. The offshore discharge conduits are currently
undergoing further specialized evaluations (soil laboratory testing and time history soil structure
interaction analyses) to assess their seismic capacity.

98-



6. REFERENCES

10CFR100AppA, Current, Seismic and Geologic Siting Criteria for Nuclear Power Plant, Title
10, Code of Federal Regulations, Part 100, Appendix A.

CEC, 2008, AB 1632 Assessment of California's Operating Nuclear Plants, prepared by
California Energy Commission, CEC-100-2008-005-F, October 2008.

Eidinger, J. et al, 1995, High Voltage Electric Substation Performance in Earthquakes, Lifeline
Earthquake Engineering, Monograph No. 6, Technical Council on Lifeline Earthquake
Engineering, August 1995.

EPRI, 1994, Methodology for Developing Seismic Fragilities, prepared by Electric Power
Research Institute, TR-103959, June 1984.

EPRI, 2002, Seismic Fragility Application Guide, prepared by Electric Power Research Institute,
Report 1002988, December 2002.

EPRI, 2009, Seismic Fragility Applications Guide Update, prepared by Electric Power Research
Institute, Report 1019200, December 2009.

FEMA, 2006, Multi-hazard Loss Estimation Methodology, Earthquake Model, prepared by
Federal Emergency Management Agency, HAZUS-MH MR4, Technical Manual.

FEMA, 2000, Recommended Specifications and Quality Assurance Guidelines for Steel
Moment-frame Construction for Seismic Applications, prepared by Federal Emergency
Management Agency, FEMA 653.

NRC, 1987, Verification of Seismic Adequacy of Mechanical and Electrical Equipment in
Operating Reactors, Unresolved Safety Issue (USI) A-46, prepared by the U.S. Nuclear
Regulatory Commission, Generic Letter 87-02.

SCE, 2009, San Onofre Nuclear Generating Station, Q-List, Classification of Structures,
Systems, and Components, Document 90034, Rev. 10, 2009.

SCE, 2010, San Onofre Nuclear Generating Station, Seismic Hazard Assessment Program,
2010 Probabilistic Seismic Hazard Analysis Report.

SCE, 1995, Seismic Hazard at San Onofre Nuclear Generating Siation.

-29-



SQUG, 1991, Generic Implementation Procedure (GIP) for Seismic Verification of Nuclear Plant
Equipment, prepared by Seismic Qualification Utility Group, Revision 2.

UFSAR, Current, San Onofre Nuclear Generating Station, Units 2 and 3, Current, prepared by
Updated Final Safety Analysis Report.

-30-



Appendix A
List of Acronyms

A--



AC

Alternating Current

ACI American Concrete Institute

AEBM Advancad Engineering Building Module
AISC American Institute of Steel Construction
AMCA Air Movement and Control Association
ANSI American National Standards Institute

API American Petreleum Institute

ASCE American Sociely of Civil Engineers
ASME American Society of Mechanical Engineers
CEC California Energy Commission

CBC California Building Code

CFR Code of Federal Regulations

CMAA Construction Management Association of America
€O, Carbon Dioxide

DBE Design-Basis Earthquake

DC Direct Current

UFSAR Updated Final Safety Analysis Report
EPRI Electric Power Research Institute

FCC Federal Communications Commission
FEMA Federal Emergency Management Agency
ft Feet

ft/sec Feet per Ssecond

GIP Generic Implementation Procedure

GL Generic Letter

H, Hydrogen

HAZUS HAZards United States

HCLPF High Confidence of Low Probability of Failure
HEI Heat Exchange Institute

HVAC Heating, Veantilation, and Air Conditioning
Hz Hertz

IEEE Institute of Electrical and Electronics Engineers
IES [luminating Engineering Society

in. Inch

kv Kilovolts

kVA Kilovolts-Amperes

MSIV Main Steam Isolation Valves
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MW Megawatts

N2 Nitrogen

NCO Niigataken-Chuetsu-Oki

NEMA National Eisctrical Manufacturers Association
NFPA National Fire Protection Association
NSR Non-Safety-Related

NSSS Nuclear Steam Supply System

NRC Nuclear Regulatory Commission
ORNL Oak Ridge National Laboratory

0.C. On Center

P&ID Process and Instrumentation

PGA Peak Ground Acceleration

PSHA Probabilistic Seismic Hazard Analysis
PT Potential Transformer

SCE Southern California Edison

SCI Seismic Category |

SC 1l Seismic Category Il

SC Il Seismic Category Ill

SDG&E San Diego Gas & Electric

LI Seismic Interaction I/l

SMACNA Sheet Metal and Air Conditional Contractors’ National Association
SONGS San Onofre Nuclear Generating Station
sq. ft Square Foot

SQUG Seismic Qualification Utility Group

SR Safety-Related

S8Cs Structures, Systems, and Components
uBC Uniform Bulilding Code

UFSAR Updatad Final Safety Analysis Report
UHS Uniform Hazard Spectrum

usl Unresolved Safety Issue

UL Underwriters Laboratory
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Appendix C
Electrical Equipment List
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Appendix D
Mechanical Equipment List
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Appendix E
Evaluation of Important-to-Reliability NSR Building Structures
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E.1 INTRODUCTION
E.1.1  Objective

The objective of this assessment was to determine if any of the non-power block NSR buildings
that house important-to-reliability NSR SSCs could cause a prolonged outage due to a seismic

event.

E.1.2 Scope of Work

The scope of work involved 1) identifying the NSR buildings that house important-to-reliability
NSR 85Cs and 2) evaluating the extent of damage of the selected buildings in the event of a
SONGS review level earthquake. This assessment was achieved by:

. Reviewing available structural and architectural drawings and calculations to form
engineering opinions of the expected seismic performance of each building relative to

other similar buildings of the same vintage located in the same seismic environment.

. Selecting an appropriate corresponding HAZUS model building type for each building
based on the building’s characteristics.

. Modifying the HAZUS fragility curves for the appropriate model building types using
engineering judgment.

. Estimating the probable damage of each building in the event of a SONGS review revel
earthquake.

The description of each selected building and the basis of the HAZUS building fragility
evaluations are summatized in this appendix,
E.2 NSR BUILDINGS THAT HOUSE IMPORTANT-TO-RELIABILITY NSR SSCs

The buildings included in the scope of this study were constructed between the 1970s and
1990s. Three SONGS buildings were identified as housing important-to-reliability NSR SSCs:

. Mesa Warehouse.
. SCE Switchyard Relay House.
. SDG&E Switchyard Relay House.

The Mesa warehouse was selected because it houses replacement parts that may be required

to repair important-to-reliabitity NSR SSCs following the occurrence of an earthquake. The SCE
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and SDG&E switchyard refay houses contain switchyard control instrumentation that is required
for the transmission of the power generated at the plant.

E.3 ASSESSMENT PROCESS
E.3.1 Field Observations

As part of the assessment, a walk-through was completed at the Mesa warehouse and
switchyard. The purpose of the walk-through was to become familiar with the buildings, observe
the general conformance of the actual constructed facilities to the original drawings, and take
representative photographs of the buildings’ gravity and lateral load carrying systems.

E.3.2 Document Review

In addition to the walk-throughs, the structural, civil, and architectural drawings, as available,
were reviewed for all three buildings. The SONGS structural design calculations were also
examined. In many cases, the drawings available were not complete sets and / or information
about the seismic details was lacking, which is important when making decisions about the
quality factors (defined in Section E.4.6). The drawings were reviewed to develop an
engineering opinion about the quality of the seismic design features and were compared with
drawings of similar buildings of the same vintage and seismic zone (which were still in the
Uniform Building Code (UBC) and in use at the time these buildings were designed).

Summaries of the reviews are provided below.

E.3.3 Mesa Warehouse Building
E.3.3.1 Information Reviewed

The following drawings and calculations were reviewed in association with the Mesa

warehouse:

. Drawing C-1: General Notes, March 30, 1982.

. Civil Drawing C-2: Offsite Warehouses Sections and Details, March 30, 1982.

. Structural Drawing S-6: 100,000 sq. ft Warehouse Foundation Sections and Details,

March 30, 1982,

. Structural Drawings S-9, 8-10: 100,000 sq. ft Warehouse Miscellaneous Sections and
Petails, September 14, 1983,



. Structural Drawing $-11: 100,000 sq. ft Warehouse Office Area Framing Plans,
December 19, 1983.

. Structural Drawings S-12, S-13: 100,000 sq. ft Warehouse Office Area Framing
Sections and Details, December 19, 1983,

o Structural Calculations for building frame and lateral bracing performed by Capitol
Metal Buildings, Stockton, California, May 21, 1982 and June 11, 1982.

. Structural Calculations for building foundation and slab-on-grade performed by
Engineering Department of §.C. Edison Co.,March 11, 1982,

E.3.3.2 Building Description

The Mesa warehouse consists of three interconnected structures. The warehouse is a single-
story prefabricated metal building with dimensions of 400 ft by 250 ft. The adjacent office
building has plan dimensions of 240 ft by 75 ft. The adjacent flammable material storage space
has dimensions of 150 ft by 250 ft. The buildings were constructed circa 1982 using the seismic
provisions of the 1879 UBC.

E.3.3.2.1  Gravily Load-Resisting System

The gravity load-resisting systems of the three buildings consist of gable type portal frames
placed at 25 ft on center (o.c.). Eight inch (in.} deep gage metal Z purlins span between the
frames and support the metal deck roofs that complete the gravity load-resisting system. The
steel columns are supported by isolated footings. The reinforced concrete slab-on-grade is 6 in.
thick.

E.3.3.22  Laleral Load-Resisting System

The lateral load-resisting systems of the three buildings consist of gable type portal frames in
the transverse directicn and X-braced frames in the longitudinal direction. The frames in the
transverse direction are spaced at 25 ft 0.c. and consist of tapered girders and columns with
fully welded moment connections. The column base connection at the transverse moment
frame columns was designed as a pinned connection. It includes four 1-1/8 in. diameter anchor
rods embedded approximately 22 in. into the foundation. The X-braced frames consist of
single-angle members. Lateral load from the roofs is accumulated along the purlins and
transferred to the longitudinal bracing through a system of horizontal rod X bracing, whose

location coincides with the location of the braced frame bays.
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A gravity load-carrying column is located in the warehouse at the center of the bay that breaks
up the span of the girders into two identical spans of 125 ft each. There are four bays of
longitudinal bracing on each end bay.

The office building relies on the continuation of the frames from the warehouse for its lateral
support in the transverse direction. Along the longitudinal direction, it has three bays of
diagonal steel angle bracing.

A similar system exists in the flammable materials storage space as well. It has five bays of
transverse frames and two bays of longitudinal bracing.

Using the terminology of HAZUS, the Mesa warehouse is a $3 — Steel Light Frame Structure.

E.3.3.3 Discussion

Although prefabricated metal buildings do not typically have a robust lateral system, they have
performed relatively well in past earthquakes. Based on the review of the moment connections,
it is expected that they will have a performance similar to pre-Northridge earthquake
connections of similar vintage. However, due to the relatively large spans of the girders, it is
likely that the building has inadequate lateral stiffness to prevent damage due to seismic ioads
in the transverse direction. In the longitudinal direction, the resistance is provided by ordinary
single angle tension braces only, since the compression braces are expected to buckle and
provide negligible lateral resistance. In addition to these deficiencies, past experience with
these types of buildings has indicated that the rod bracing at the roof diaphragm level will likely
not be adequate to prevent damage, thereby providing an indirect load path for the seismic
loads.

E.3.3.4 Recommendations

It is recommended that a quality factor (see Section E.4.6) of 1.2 be used both for transverse
loading and longitudinal loading relative to buildings similar to the vintage of the Mesa
warehouse.

E.3.4 Switchyard Relay Houses

E.3.4.1 Information Reviewed

The following calculation was used to perform this review:

.« Structural Calculations for San Onofre Generating Station, 220 kilovolt (kV) Switchyard,
Qctober 14, 1975 performed by Bechtel,
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E.3.4.2 Building Description

The two switchyard relay houses are referred to as the SCE building and the SDG&E buiiding.
Both are roughly of equal size, rectangular in plan with major dimensions of 35 ft by 28 ft. The
roof of each is about 11 ft above the finished floor. One edge of each of the buildings is buried
into the sloping ground with the concrete wall acting as a retaining wall. The remaining walls of
the buildings are of reinforced masonry. The buildings were constructed circa 1974 using the
provisions of the 1973 UBC. However, the design calculations point out that an internal SCE
criterion requiring the structures to be designed for a base shear capacity of 0.5g was used.
Due to similar construction, a single assessment was applied to the two switchyard relay
houses.

E.3.4.21  Gravity Load-Resisting System

Structural and architectural drawings of the buildings were unavailable. Design calculations
show that the perimeter walls along with an open-steel, open-web joist system and the 1-1/2 in.
deep metal deck with 3 in. concrete topping constitute the gravity load-resisting system.

E.3.4.2.2  Lateral Load-Resisting System

The lateral load-resisting systems of the switchyard relay houses include the perimeter
reinforced masonry walls along with the concrete shear wall that also acts as the retaining wall.
The masonry walls are grouted at 32 in. o.c. with a #5 bar in the cell. Remaining cells are also
grouted with Zonolite masonry fill up to the bond beam level. The roof diaphragm of each
structure is a 1-1/2 in. deep metal deck with 3 in. deep concrete topping.

E.3.4.3 Discussion

The switchyard relay houses have been designed to a high level of base shear, even compared
to the current 2007 California Building Code (CBC). The steel deck roof diaphragm is positively
attached (through welding) to the masonry walls with steel angles that are connected to the
masonry walls with 7/8 in. diameter cast in place bolts placed at 16 in. 0.c. These structures are

expected to behave in a superior fashion in an earthquake.

Using the terminology of HAZUS, the switchyard relay houses can be classified as a
C2L - Low Rise Concrete Shear Wall Building. The other possible classification as a
RM2L —~ Reinforced Masonry Bearing Wall with Precast Concrete Diaphragms is not applicable.
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E.3.4.4 Recommendations

As a result of reviewing the calculations, it is recommended that a quality factor (see Section
E.4.6) of 0.8 be used for the HAZUS analysis of the switchyard relay houses.

E.4 BUILDING FRAGILITY

E.41 HAZUS Fragility Data

HAZUS is national consensus software developed by the FEMA to help estimate damage to the
built environment as the result of future scenario earthquakes (FEMA, 2003, 2005). One of its
primary purposes of the software is to help government agencies evaluate risks, and the
software includes national databases embedded within. This software is described in the
Technical Manual. There is also an Advanced Engineering Building Module (AEBM) Manual,
which is an extension of the general methods in HAZUS intended for use in estimating individual
building losses.

In developing HAZUS, fragility curves for different model building types (e.g., steel light frame
buildings) were determined. An example of a fragility curve is shown on Figure E.4-1.
Generally the cumutative probability of reaching a damage state for a given level of deformation
(drift) or severity of shaking {(e.g., PGA) is plotted. This plot is usually generated assuming a
lognormal distribution of damage, with a corresponding median and beta {logarithmic standard
deviation).
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Figure E.4-1 Sample Fragility Curves
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E.4.2 Displacement vs. PGA

While most of the fragility data in the HAZUS Technical Manual is based on building
displacements, an alternate procedure that is based on PGA data is also presented. This

alternate procedure was used is this evaluation.

E.4.3 Damage States

In the case where different damage states are defined for a building, fragility curves can be
developed for each damage state. In HAZUS, the damage states defined are slight, moderate,
extensive, and complete. HAZUS fragility functions are provided for each damage state.

The HAZUS Technical Manual indicates that the moderate damage state has 5 to 25% damage,
and that it corresponds with a green tag after an earthquake. Moderate damage may be
localized. A green tag means that the building has been inspected and that no significant
weakening of the structure has occurred. Thus, there are no restrictions on occupancy.

Furthermore, the HAZUS Technical Manual indicates that the extensive damage state has 25 to
100% damage, and corresponds with a yellow tag after an earthquake. A yellow tag means
occupancy is restricted but that sufficient reserve capacity exists and that collapse is not
expected if an aftershock were to occur. The building cannot be occupied as it was before the
earthquake occurred unless some action is taken. Some portion of the building may be unsafe.
Generally occupants are permitted fo remove important belongings through brief visits until the
damage is mitigated, or untii the likelihood of a significant aftershock decreases.

Finally, the HAZUS Technical Manual indicates that the complete damage state corresponds
with 100% damage, which corresponds with a red tag. A red tag indicates that the building is
unsafe and that there is a risk of collapse on its own or due to an aftershock. No entry into the
building is permitted, even to conduct repairs or remove important belongings. However, the
complete damage state does not necessarily correspond with the physical collapse of a
building. In general, the complete damage state implies that building repair costs exceed the
cost of building replacement. The HAZUS collapse rates for the various building types are not

uniform and range from 3% (wood frame buildings) to 15% (un-reinforced buildings).

As indicated above, fragility curves for different model building types are included in the HAZUS
documentation. Model building types of relevance for this study are concrete shear wall

buildings {C2) and steel light frame buildings (§3). HAZUS also differentiates between low-rise,
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mid-rise, and high-rise buildings. All the buildings included in this study qualify as low-rise
buildings.

For each model building type, HAZUS also provides fragility data corresponding to different
seismic design levels. The fragility data was developed in the 1990s when seismic zones
defined in the UBC were still in use. High-Code is intended to reflect design practice in Seismic
Zone 4 after 1875, Moderate-Code is representative of the design practice in Seismic Zone 2B
after 1975; and Low-Code is infended to reflect design practice in Seismic Zone 1 after 1976.
The AEBM Manual indicates that for buildings constructed between 1941 and 1975 the
appropriate design levels should be reduced by one. Only the switchyard relay houses fall into
this category. However, the switchyard relay houses were designed for an elevated base shear
capacity appropriate for High-Code classification. Buildings constructed prior to 1941 are
considered pre-Code and have a different set of fragility data. Thus, there are fragility data for
four seismic design levels included in HAZUS.

E.4.4 Design Level

At the time these three buildings were constructed {1970 to 1990), the region that SONGS is
located in was considered Seismic Zone 4, according fo the UBC. The switchyard relay houses,
on the other hand, although designed per 1973 UBC, used the internal SCE guideline of 0.5g
base shear coefficient for seismic design qualifying it for the High-Code seismic design level.
Based on this information, it was determined that the fragility data associated with the High-

Code seismic design level is appropriate for all the buildings.

E.4.5 Fragility Data for Generic Building Types

The median PGA provided in the HAZUS Technical Manual for the fragility curves is given in
Table E.4-2. As noted above, these values correspond to High-Code Design.

Table E.4-2 Fragility Data for Generic Building Types

Damage State
B".Il.i;(i?g Slight Moderate Extensive Complete
PGA Median, g PGA Median, g PGA Median, g PGA Median, g
C2L 0.24 0.45 0.20 1.65
S3 0.15 0.26 0.54 1.00




E.4.6 Quality Factor

HAZUS fragility data are intended to represent the average building type of a certain height and
age, and are designed using specific building code provisions. However, not all buildings
designed under such conditions will perform equally in an earthquake. Based on the drawing
review, an assessment was made on whether a building was better or worse than the average
building. A quality factor that is used to scale the median of the fragility data was used. In this
study, quality factors ranged from 0.8 to 1.2, with 1.2 representing a building with a median that
is 1/1.2 lower than the average. Quality factors assigned for each building were presented in
Section E.3.

The quality factor not only is used to reflect the superior or inferior detailing or configurations, it
also incorporates what was learned by reviewing the drawings or design criteria about the
importance factors used in the design. Thus, the quality factor for the switchyard relay houses
was decreased to account for the high design base shear coefficient.

E.4.7 Expected Building Fragility Levels
E.4.7.1 Moderate Damage

The fragility level for each of the three structures being in the moderate damage state is listed in
Table E.4-3. The generic fragility values of Table E.4-2 are modified by dividing them by the
quality factor.

Table E.4-3 Fragility Corresponding with Moderate Damage State

Building HAZUS Building Type | Quality Factor | Median Fragility, g
Mesa Warehouse 53 1.2 0.22
Switchyard Relay Houses (2) C2L 0.8 0.56

Note: Fragilities for all buildings assume High-Code Design.
EA4.7.2 Extensive Damage

The fragility level for each of the three structures in the extensive damage state is listed in Table
E.4-4. The generic fragility values of Table E.4-2 are modified by dividing them by the quality
factor.
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Table E.4-4 Fragility Corresponding with Extensive Damage State

Building HAZUS Bullding Type | Quality Factor | Median Fragility, g
Mesa Warehouse S3 1.2 0.45
Switchyard Relay Houses (2) C2L 0.8 1.13

Note: Fragilities for all buildings assume High-Code Design.

E.4.7.3 Complete Damage

The fragility level for each of the three structures in the complete damage state is listed in Table
E.4-5. The generic fragility values of Table E.4-2 are modified by dividing them by the quality

factor.
Table E.4-5 Fragility Corresponding with Complete Damage State
Building HAZUS Building Type Guality Factor Median Fragility, g
Mesa Warehouse 83 1.2 0.83
Switchyard Relay Houses (2} caL 0.8 1.94

Note: Fragilities for all buildings assume High Code Design.
E.6 CONCLUSIONS

For the SONGS review revel earthquake, the two switchyard relay houses will sustain only
moderate damage and will be green tagged after the earthquake and thus will remain functional.
However, the Mesa warehouse will sustain extensive damage and will be yellow tagged

following a SONGS review level earthquake and access to the building will be restricted.

The HAZUS damage states used in this evaluation correspond with the structural damage
states. Nonstructural components within the building were not directly evaluated; however, they
were observed during the walk-through of each building. The relay panels and equipment within
the switchyard relay houses are all anchored and braced to the ceiling joisis. These
components were screened for the SONGS review level earthquake during the equipment
walkdowns.
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